A chemical form of synaptic potentiation was produced with a brief bath application of NMDA to rat hippocampal slices. Two methods were used to assess changes in membrane-bound AMPA receptors. Traditional subcellular fractionation was used to isolate synaptic membranes; alternatively, membrane receptors were cross-linked with the membrane-impermeable reagent bis(sulfosuccinimidyl) suberate, and levels of nonmembrane receptors were determined. In both cases, Western blots were used to determine the content of receptor subunits in various subcellular fractions. NMDA-induced potentiation was associated with increased levels of glutamate receptor 1 (GluR1) and GluR2/3 subunits of AMPA receptors in synaptic membrane preparations, whereas no change was observed in whole homogenates. Both KN-62, an inhibitor of calcium/calmodulin kinase, and calpain inhibitor III, a calpain inhibitor, inhibited NMDA-induced potentiation and changes in GluR1 and GluR2/3 subunits of AMPA receptors. Brefeldin A (BFA) inhibits protein trafficking between the Golgi apparatus and cell membranes. Pretreatment of hippocampal slices with BFA significantly decreased NMDA-induced potentiation and completely prevented an NMDA-induced increase in GluR1 levels in membrane fractions. Thus, the levels of GluR1 and GluR2/3 subunits of AMPA receptors are rapidly upregulated in synaptic membranes under conditions associated with potentiation of synaptic responses, and this upregulation requires a functional secretory pathway.
Since its discovery nearly 30 years ago (Bliss and Lomo, 1973) , long-term potentiation (LTP) has been heralded as a cellular mechanism for memory formation. The detailed cellular and molecular mechanisms that underlie this phenomenon remain a hotly debated issue. Our laboratory has proposed that LTP could occur because of modifications of AMPA receptors (Bi et al., 1998) . This hypothesis was first based on the existence of a calcium-dependent upregulation of glutamate binding in synaptic membranes (Lynch and Baudry, 1984) . It was later found that the binding and electrophysiological properties of one subtype of glutamate receptors, the AMPA receptors, were indeed modified as a result of LTP (Staubli et al., 1992; Maren et al., 1993; Kolta et al., 1998) . Lynch and colleagues argued for an increase in the kinetics of the receptor-associated ion channel , whereas Berger and colleagues proposed a redistribution of existing receptors within the postsynaptic density (Xie et al., 1997) . Alternatively, translocation of receptors from an intracellular pool to synaptic membranes could result in increased functional AMPA receptors (Standley et al., 1996) .
Other lines of investigation have led to the notion of silent synapses, synapses with functional NMDA receptors but lacking functional AMPA receptors (Isaac et al., 1995 (Isaac et al., , 1996 (Isaac et al., , 1999 Liao et al., 1995) . After LTP induction, such synapses would become activated because of the "unmasking" of functional AMPA receptors. Both the distribution of AMPA receptors and the morphology of synaptic contacts are regulated by synaptic activity (Engert and Bonhoeffer, 1999; Maletic-Savatic et al., 1999; Toni et al., 1999) , and a rapid cycling of AMPA receptors in and out of synaptic membranes has been documented (Song et al., 1998; Carroll et al., 1999; Luscher et al., 1999; Noel et al., 1999; Shi et al., 1999) .
Several methods have been used to produce widespread LTP or long-term depression (LTD) by chemical instead of electrical stimulation. A brief application of a high glycine concentration produced a long-lasting potentiation that shared mechanisms similar to those observed for tetanus-induced potentiation (Shahi et al., 1993; Musleh et al., 1997) . A mixture of NMDA, glycine, and spermine elicited an LTP-like increase in synaptic transmission (Thibault et al., 1989) , whereas a brief NMDA application induced LTD in CA1 (Lee et al., 1998) . In the present study, we used a brief application of NMDA in hippocampal slices to produce a long-lasting increase in synaptic transmission and to determine changes in AMPA receptor subunits in various subcellular fractions and possible mechanisms underlying such changes. In particular, we tested the effects of the drug brefeldin A (BFA) on NMDA-induced potentiation and changes in synaptic AMPA receptors. BFA is a fungal metabolite that causes the Golgi membrane to fuse with the endoplasmic reticulum (ER), thereby inhibiting exocytosis of newly synthesized proteins (Misumi et al., 1986; Oda et al., 1987; Klausner et al., 1992) . Our results indicate that AMPA receptors are inserted from an intracellular pool into synaptic membranes under conditions associated with LTP-like increased synaptic transmission and that a functional secretory pathway is required for this process.
MATERIALS AND METHODS
Electrophysiolog y in hippocampal slices. Transverse hippocampal slices (400 m thick) were prepared from adult (3-to 4-month-old) Sprague Dawley rats using a McI lwain tissue chopper. Slices were immediately placed in ice-cold cutting buffer containing (in mM): 124 NaC l, 3 KC l, 1.25 K H 2 PO4, 1 C aC l 2 , 3 MgC l 2 , 26 NaHC O 3 , 10 glucose, and 2 L-ascorbate, and saturated with 95% O 2 -5% C O 2 . Slices then had the CA3 region removed with a razor blade before being transferred to an interface chamber. Slices were maintained at 32°C and constantly perf used with an artificial C SF (AC SF) containing (in mM): 124 NaC l, 3 KC l, 1.25 K H 2 PO4, 3 C aC l 2 , 1 MgC l 2 , 26 NaHC O 3 , 10 glucose, and 2 L-ascorbate; in addition, they were constantly oxygenated with a 95% O 2 -5% C O 2 mixture at a rate of 1 ml /min. E xtracellular field recordings were obtained in CA1 using a bipolar stimulating electrode and a glass recording electrode (containing 2 M NaC l) placed in stratum radiatum. Stimulus intensity was set to approximately one-third of the intensity required to evoke a population spike, and responses were evoked every 30 sec (0.033 Hz, pulse duration of 0.1 msec). All drugs were perf used in AC SF.
NMDA treatment of hippocampal slices. Hippocampal slices were prepared and placed in an interface chamber as described above (electrophysiology). After a 1 hr equilibration period, slices were treated with 50 M NMDA for 5 min. Generally, three slices were treated per group so as to obtain enough tissue for Western blots. Slices were collected 15 min and, where indicated, 1 hr after the end of the NMDA treatment and placed in ice-cold sucrose solution containing 0.32 M sucrose, 10 mM EDTA, and 10 M leupeptin (homogenization solution). Slices were then stored at Ϫ70°C for later use (i.e., preparation of membranes and Western blots).
Membrane preparation. Crude synaptic membranes were prepared from hippocampal slices by homogenizing them by sonication in the homogenization solution. Aliquots of the homogenates were processed for Western blots. The rest of the homogenate was then centrif uged at 24,000 ϫ g at 4°C for 20 min. The supernatant was discarded, and the pellet was resuspended in distilled water containing 100 M EGTA. Samples were then centrif uged again as described above, and the supernatant was again discarded. The pellet was resuspended in Tris-acetate buffer (100 mM, pH 7.4) containing 100 M EGTA and centrif uged as described above. This last centrif ugation step was repeated, and the final pellet was resuspended in ice-cold Tris-acetate buffer and immediately used for Western blots.
Cross-link ing of membrane proteins. Control or NMDA-treated slices were collected and treated with the cross-linker agent bis(sulfosuccinimidyl) suberate (BS 3 ) as described previously by Hall et al. (1997) . Briefly, slices were first washed twice in saline solution (SS) containing (in mM): 137 NaC l, 5.3 KC l, 170 Na 2 HPO 4 , 220 K H 2 PO 4 , 10 H EPES, 33 glucose, and 44 sucrose, pH 7.3. One-half of the slices were kept in SS, and the other half were placed in SS containing 1 mg /ml BS 3 [a concentration sufficient to saturate all of the cross-linking sites and to leave intracellular proteins intact (Hall et al., 1997) ] and incubated for 30 min at 37°C with agitation. After the incubation, slices were washed three times in harvest buffer [a modified SS additionally containing (in mM): 1 EDTA, 1 PMSF, and 50 ethanolamine]. Slices were then saved in harvest buffer and frozen at Ϫ70°C until they were used for Western blots.
Western blots. Samples were thawed on ice, and slices used in crosslinking studies were homogenized by sonication. Protein assays were performed using the Bio-Rad protein assay (Bio-Rad, Hercules, CA) to determine protein concentration. Equal volumes of 2ϫ sample buffer (2% SDS, 50 mM Tris-HC l, pH 6.8, 10% 2-mercaptoethanol, 10% glycerol, and 0.1% bromophenol blue) were added to samples of either whole homogenates or synaptic membranes, and samples were boiled for 10 min. Aliquots containing equal amounts of proteins were run on SDSpolyacrylamide gels containing 8% polyacrylamide, and proteins were transferred onto nitrocellulose membranes. The membranes were incubated in Tris-buffered saline (TBS) containing 3% gelatin for 1 hr at room temperature before an overnight incubation with primary antibodies in TBS containing 1% gelatin and 0.05% T ween 20. Glutamate receptor 1 (GluR1) and GluR2/3 antibodies were obtained from Chemicon (Temecula, CA) (1:2000 dilution). Immunostaining was detected by incubating with an alkaline phosphatase-conjugated secondary antibody (Bio-Rad) also in TBS containing 1% gelatin and 0.05% T ween 20 for 2 hr. Quantification of blots was done using ImageQuant software (Molecular Dynamics, Sunny vale, CA).
RESULTS

NMDA application induces a long-lasting increase in synaptic transmission in CA1
Perfusion of hippocampal slices with 50 M NMDA for 5 min induced repeated bursts of high-frequency activity throughout the slices within 2-3 min after the end of perfusion. The CA3 region was therefore removed to minimize this NMDA-induced epileptiform activity. NMDA treatment also caused a rapid loss of EPSPs evoked in CA1 stratum radiatum by stimulation of the Schaffer collateral pathway. This loss of EPSP is attributed to NMDA-induced depolarization of CA1 pyramidal neurons and thus to a loss of driving force, an effect also seen with a similar protocol used to induce LTD in slices prepared from juvenile animals (Lee et al., 1998) . After NMDA washout, EPSPs not only recovered but exhibited a large increase in amplitude compared with baseline values (Fig. 1) . By 1 hr after NMDA treatment, EPSP amplitudes had increased by ϳ86 Ϯ 12% (n ϭ 8) above baseline values. This level of potentiation remained constant for at least 3 hr after NMDA treatment, and this phenomenon is hereafter referred to as NMDA-LTP.
Several experiments were performed to compare NMDA-LTP with traditional tetanus-induced LTP. We first determined whether calpain was activated in NMDA-LTP as in the case of tetanus-induced LTP (del Cerro et al., 1990; Denny et al., 1990; Vanderklish et al., 1995) . Slices treated with NMDA were processed for immunoblotting with spectrin antibodies, and the levels of the 150 kDa breakdown product generated by calpainmediated degradation of spectrin were quantified. NMDA treatment resulted in a significant (41 Ϯ 6%; n ϭ 8; p Ͻ 0.001; Student's t test) increase in this breakdown product, an effect that was blocked by preincubating slices with calpain inhibitor III (CalI III), a membrane-permeable inhibitor of calpain (5 Ϯ 8%) (data not shown). We also tested the effects of CalI III on NMDA-LTP. Slices were preincubated with CalI III before . Changes in nonplasma membrane AMPA receptors with NMDA-LTP. Hippocampal slices were prepared as described in Materials and Methods. They were then treated with or without BS 3 to determine the levels of intracellular AMPA receptor subunits (GluR1) with Western blots of aliquots from whole homogenates (WH ). NMDA application. Treatment with CalI III caused a slight but significant increase in synaptic responses (Fig. 2 A) . Moreover, CalI III completely blocked NMDA-LTP (Ϫ5 Ϯ 15 vs 146 Ϯ 15%; n ϭ 6; p Ͻ 0.001; Student's t test) (Fig. 2 A) .
Several studies have indicated that calcium/calmodulin kinase type II (CamKII) plays a critical role in LTP (Malinow et al., 1989; Pettit et al., 1994; Lledo et al., 1995; Blitzer et al., 1998) . Therefore, we determined the effects of KN-62, a CamKII inhibitor, on NMDA-LTP (Fig. 2 B) . KN-62 treatment had little effect on basal synaptic responses; however, after 1 hr, NMDA-induced potentiation was completely inhibited when compared with control slices (Ϫ5 Ϯ 14 vs 192 Ϯ 35%, respectively; n ϭ 7; p Ͻ 0.001; Student's t test).
Finally, we also determined whether NMDA-LTP could be occluded by tetanus-induced LTP, a test that has been widely used to assess whether chemically induced LTP (or LTD) shares mechanisms similar to those observed for tetanus-induced LTP (or LTD). Tetanus-induced LTP was elicited by three episodes of high-frequency stimulation resulting in saturation of LTP (140 Ϯ 20%; n ϭ 7). Under these conditions, NMDA application did not produce any further increase in synaptic responses (Fig. 1 B) .
Changes in AMPA receptor distribution after NMDA-induced potentiation
Potentiation was induced by NMDA treatment of hippocampal slices, and slices were collected 15 min after the end of NMDA treatment. Slices were then used to prepare crude synaptic membranes or were treated with BS 3 to obtain an estimate of the levels of nonplasma membrane AMPA receptors.
Synaptic membranes
Slices were homogenized, and aliquots of the homogenates were used to prepare a crude synaptic membrane fraction. Western blots from homogenates and crude synaptic fractions were processed with antibodies against GluR1 or GluR2/3 subunits of AMPA receptors. NMDA treatment resulted in a significant increase in the abundance of both GluR1 (ϩ39 Ϯ 7%; n ϭ 15; p Ͻ 0.01; Student's t test) and GluR2/3 (ϩ24 Ϯ 6%; n ϭ 6; p Ͻ 0.01; Student's t test) subunits in synaptic membrane fractions (Fig.  3A,B) . A similar increase in GluR1 subunits was also present in slices collected 1 hr after NMDA treatment (data not shown). However, there was no significant increase in GluR1 levels in homogenates of NMDA-treated slices at either time point (ϩ6 Ϯ 11%; n ϭ 5).
As a control, we tested whether other synaptic proteins were upregulated by NMDA treatment. We determined the levels of NR1 subunits of NMDA receptors in the same fraction used to measure the levels of GluR1 subunits of AMPA receptors. NMDA treatment did not modify the levels of NR1 subunits in synaptic membranes when compared with levels found in membranes prepared from control slices (ϩ2 Ϯ 5%; n ϭ 4) (Fig. 3C) .
Cross-linking
To confirm the results obtained with crude synaptic membrane fractions, we evaluated the levels of intracellular AMPA receptor subunits after NMDA treatment. The membrane-impermeable cross-linking reagent BS 3 was used to effectively remove all surface receptors, as described previously by Hall et al. (1997) . After BS 3 treatment, slices were homogenized, and the number of non-cross-linked receptors (presumably representing intracellular receptors) was assessed with Western blots. As a control, whole homogenates of slices were incubated with BS 3 , and these samples showed little immunoreactivity when probed with GluR1 antibodies in Western blots (data not shown). This is presumably because most proteins in the homogenate are exposed to BS 3 and Figure 5 . (Fig. 4A ). This suggests that ϳ53% of the total number of GluR1 subunits are located intracellularly under control conditions. After NMDA treatment, incubation with BS 3 resulted in a 44 Ϯ 11% decrease in the levels of GluR1 subunits when compared with values found in control slices (Fig. 4B) , indicating that there were significantly less intracellular receptors after NMDA treatment. When compared with whole homogenates from control slices, levels of GluR1 in NMDA-treated slices incubated with BS 3 were decreased by ϳ66%, indicating that ϳ66% of GluR1 subunits were membrane bound. Because levels of membranebound GluR1 subunits in control slices were ϳ47% of total, this suggests that the number of membrane-bound receptor subunits increased by ϳ40%, a value in good agreement with that obtained with the subcellular fractionation approach.
NMDA-induced changes in AMPA receptor distribution are calpain-and CamKII-dependent
Because we observed that NMDA-LTP was blocked by inhibitors of calpain and CamKII, we determined whether these inhibitors could prevent NMDA-induced changes in AMPA receptor subunit distribution. Preincubation of slices with the calpain inhibitor CalI III completely blocked an NMDA-induced increase in the levels of GluR1 and GluR2/3 subunits (Fig. 5A) . Preincubation of slices with the CamKII inhibitor KN-62 also completely inhibited an NMDA-induced increase in the levels of both GluR1 and GluR2/3 subunits of AMPA receptors in synaptic membranes (Fig. 5B) . In Western blots using the GluR1 antibody, KN-62 alone caused a small yet significant decrease in immunoreactivity. However, this effect of KN-62 was not significant in blots using the GluR2/3 antibody, although the same trend was seen.
Brefeldin A inhibits NMDA-induced potentiation and changes in AMPA receptor subunits in membrane fractions
Hippocampal slices were pretreated for 25 min with BFA before being subjected to NMDA treatment. BFA treatment had no effect on basal synaptic responses, but after 1 hr, NMDA-induced potentiation was almost completely inhibited when compared with control slices [ϩ18 Ϯ 12 (n ϭ 8) vs ϩ86 Ϯ 12% (n ϭ 7), respectively; p Ͻ 0.02; Student's t test] (Fig. 6 A) . BFA treatment also completely inhibited an NMDA-induced increase in the levels of GluR1 subunits of AMPA receptors in synaptic membranes (Ϫ2 Ϯ 3 vs ϩ37 Ϯ 9%, respectively; n ϭ 4; p Ͻ 0.02; Student's t test) (Fig. 6 B) .
DISCUSSION
Because only a small fraction of synapses are affected by the electrical stimulation protocols used to induce plasticity, chemical-pharmacological stimulation protocols have been developed to study biochemical changes associated with synaptic plasticity. Thus, several laboratories have used brief activation of NMDA receptors to produce widespread changes in synaptic efficacy in CA1 from hippocampal slices (Kauer et al., 1988; Thibault et al., 1989; Shahi et al., 1993; Lee et al., 1998) . In our study, the application of 50 M NMDA for 5 min to hippocampal slices produced a long-lasting increase (Ͼ3 hr) in synaptic efficacy. In addition, NMDA-induced increased synaptic transmission was associated with calpain activation as evidenced by increased formation of a calpain-mediated spectrin breakdown product and inhibition by a calpain inhibitor. It was also associated with the requirement for CamKII because it was blocked with an inhibitor of CamKII. Finally, NMDA-LTP was occluded by previous LTP saturation by tetanus-induced LTP. Thus, NMDA-LTP shares many features of tetanus-induced LTP, and it is reasonable to conclude that these two forms of potentiation share similar biochemical mechanisms. However, we cannot completely exclude the possibility that several consequences of NMDA application are not related to what happens in tetanus-induced LTP.
NMDA-LTP was associated with a rapid (Ͻ15 min) and longlasting (Ͼ1 hr) increase in the levels of synaptic AMPA receptor subunits. The decrease in synaptic responses observed at 15 min after NMDA treatment is likely because of the prolonged depolarization elicited by NMDA application that would mask any Figure 6 . Effects of brefeldin A on NMDA-induced LTP and changes in GluR1 subunits. A, Hippocampal slices were prepared, and stimulating and recording electrodes were positioned in CA1. After a 10 min baseline period, BFA (10 g/ml) was added to the perfusion medium (dotted line). Twenty-five minutes later, NMDA (50 M) was added for 5 min (solid bar). Amplitudes of EPSPs were measured, and values are expressed as percentage of the average values measured during the 10 min preceding NMDA application. Data are means Ϯ SEM of seven experiments. B, Hippocampal slices were incubated in the absence or presence of BFA. They were then treated with or without NMDA (50 M, 5 min). Fifteen minutes later, slices were collected, and synaptic membranes were prepared as described in Materials and Methods. Aliquots of membrane samples were processed for immunoblots with antibodies against GluR1 subunits of AMPA receptors. potentiation that could be present at this early time point. Because there was no change in receptor subunits in the homogenate, it is clear that the increase in synaptic AMPA receptors is independent of protein synthesis. Two potential mechanisms could account for such an upregulation of synaptic receptors: (1) a redistribution of existing membrane receptors to synaptic sites or (2) a translocation of intracellular receptors into synaptic membranes. Our results support the latter rather than the former mechanism. First, the observation of a decrease in the levels of GluR1 subunits in NMDA-treated slices versus control slices incubated with the cross-linking reagent BS 3 is best explained by a decrease in the number of intracellular subunits. Second, BFA, which inhibits anterograde protein secretion from the Golgi, inhibited both NMDA-LTP and an NMDA-induced increase in synaptic AMPA receptor subunits. Therefore, NMDA-LTP is associated with upregulation of synaptic AMPA receptors, and this upregulation is likely because of the translocation of receptors from intracellular, Golgi-associated sites to synaptic sites.
Several data have indicated the existence of an intracellular pool of AMPA receptors (Baude et al., 1994 (Baude et al., , 1995 Henley, 1995; Standley et al., 1998; Rubio and Wenthold, 1999) , although relatively little is known about these receptors, especially with regard to their function and location in dendritic and synaptic compartments. Based on biochemical studies, we proposed previously that these intracellular receptors represent unglycosylated, immature states of the receptors . The data obtained with BS 3 also clearly support the existence of a relatively large pool of intracellular receptors, as shown previously in dissociated neurons (Hall et al., 1997) . Recent evidence has suggested that AMPA receptors can rapidly cycle in and out of synaptic membranes and that this cycling is regulated by synaptic activity and could possibly be involved in synaptic plasticity (Luscher et al., 2000; Malinow et al., 2000; Turrigiano, 2000) . In particular, infusion of botulinum toxin to prevent exocytosis resulted in a 30% decrease in AMPA receptor-mediated synaptic responses . Because the same authors had previously observed a different result with intracellular infusion of botulinum toxin (Lledo et al., 1998) , they proposed that this drug might have a different effect on regulated and constitutive exocytosis. Two recent studies have provided strong evidence for the involvement of a clathrin-dependent endocytotic process in LTD in hippocampus and cerebellum (Man et al., 2000; Wang and Linden, 2000) . Our results provide some clues regarding the links between the secretory pathway and exocytosis and the involvement of these processes in LTP. The results obtained with BFA indicate that receptors originating in the ER-Golgi apparatus are critically involved in LTP but not in baseline responses. Two possible scenarios could account for these results (Fig. 7) . In the first one, a subsynaptic pool of receptors could be located beneath synaptic membranes (Fig. 7A) . Receptors from this pool could be rapidly inserted into the membrane, whereas membrane receptors could be endocytosed as a result of normal synaptic activity. The size of the membrane pool of receptors would be dependent on the size of the subsynaptic pool, as well as on the rates of receptor insertion and internalization. LTP would activate a regulated exocytic pathway, and receptors from the ER-Golgi complex would shuttle into the pool of cycling receptors. This would effectively increase the number of receptors inserted into the synapse. This hypothesis implies the existence of two distinct intracellular receptor populations, with one population associated with the Golgi and one (a subsynaptic population) that is independent of the Golgi. Alternatively, it is possible that all the intracellular receptors are associated with the ER-Golgi complex (Fig. 7B) . In this case, there could be both a constitutive and a regulated exocytic pathway contributing to receptor insertion in synaptic membranes. The constitutive pathway could account for the normal maintenance of the synaptic receptor population, whereas the regulated pathway would be activated during LTP, thus adding to the constitutive pathway the number of receptors to be inserted into the synapse. Either scenario requires the existence of a regulated exocytic pathway and, as mentioned above, there is some evidence for such a pathway . A recent study describes the existence of a calciumdependent dendritic exocytosis that is dependent on CamKII activity ). This could well be identical to the regulated exocytic After an LTP-inducing stimulus, a regulated exocytic pathway transports newly synthesized receptors from the Golgi apparatus to this pool. The resulting increase in the number of subsynaptic receptors would lead to an increase in the number of receptors to be inserted into the membrane. B, AMPA receptors cycle into and out of the synaptic membrane. This cycling of receptors involves a constitutively active as well as a regulated exocytic pathway, both of which involve Golgi-associated receptors. Under these conditions, the constitutive pathway would be involved in normal homeostatic regulation of the synaptic AMPA receptor population, whereas the regulated pathway would be involved in adding to the existing synaptic population only after LTP-inducing stimuli.
pathway that is disrupted by BFA in our experiments. Interestingly, the delivery of AMPA receptors to the synapse also requires CamKII , a result in good agreement with our data with KN-62. In addition, both scenarios require that the ER-Golgi complex be located fairly close to synaptic membranes. The notion that the spine apparatus represents an extension of the ER has been around for a long time (Harris and Stevens, 1988; Martone et al., 1993) , and recent evidence further supports this concept (Spacek and Harris, 1997) . Because BFA did not affect baseline responses or the number of synaptic AMPA receptors while completely blocking NMDA-induced modifications, the scenario presented in Figure 7A would appear to be more likely than the one in Figure 7B . However, our results differ from those obtained by Matthies et al. (1999) . Although these authors found that BFA inhibited tetanus-induced LTP, they did observe a decrease in baseline responses after BFA perfusion in hippocampal slices. Therefore, more work remains to be done to determine the exact relationship between the secretory pathway and the exocytic processes in glutamatergic terminals. In any event, it does appear more and more likely that the keys to understanding molecular mechanisms of synaptic plasticity at excitatory synapses lie in the understanding of the exocytosis and endocytosis pathways for the AMPA receptors.
